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I, INTRODUCTION

It has generally been the cage that production, employment, and investmeni
decigions have been analyzed separately rather than within the context of a com-
plete behavioral model of the firm, A noteable exception to this case is the -
study of Holt, Modigliani, Muth, and Simon {12], which considered the joint
determination of production and employment decisions within the context of a
cost-minimization model. Also, Lucas [15] has recently postulated a general
stock-adjustment model in which the stock of one imput may influence the demand
for another input, and Nadiri and Rosen |16] have used essentially this model
in an empirical study of employment and investment decisions. Coen and

Hickman [5] have also worked with a model that takes into account the
interrelationship of employment and investment decisions.

The purpose of this paper is to integrate the models of production,
employment, and investment decisions developed in [6], [7}, and [8] respectively
into a complete behavioral model of the firm and then to use this model as a
basis for commenting on a number of recent studies of production, employment,
and investment decisions. It is the view of this paper that much of the work
being done on production, employment, and investment functions suffers from a
failure to consider in an adequate way the fact that much of the time firms

appear to be operating below capacity and off their production functions,



In addition, it is felt that the common practice of dealing with quarterly,
seasonally adjusted, aggregate data has tended to obscure many of the

important determinants of the short;fun behavior of firms. The paper also
questions the usefulness at the present state of knowledge of trylng to derive
behavioral relationships of the firm from the specification and minimization of
a single underlying cost function. In Section II an integration of the models
of the three previous studies is undertaken and the empirical results that have
been achieved from estimating these models are discussed., In Section III a
critique of recent studies is made in light of the model developed in Section II

and suggestions for future research are presented.

II. A MODEL OF PRODUCTION, EMPLOYMENT, AND INVESTMENT DECISIONS
Overview

Sales and factor prices are assumed to be exogenous to the firm,
and the firm is assumed to minimize costs given the expected paths of sales
and factor prices. The firm is assumed to employ a certain number of workers,
to own a certain number of machines (including buildings), to have a certain
stock of raw materials on hand, and to have a certain stock of finished-goods
inventories on hand. The time interval under consideration is taken to be a
month, and the key decision variables of the firm are taken to be the amount
of output produced during month t, Yf, the numbers of workers employed during
month %, N%, the average number of hours each worker is paid for during
month t, HPt’ and the number of machines purchased during month t. Other
decision variables of the firm, which are of less concern here, include the
amount of raw materials purchased during month t and the number of wmachines

scrapped during month t.



Obvious costs to the firm are costs of raw materials, costs of paying
workers, costs of holding finished;éoods inventories, and costs of owning
machines. The costs of owning machines are a function of the original prices
of the machines, of the costs of borrowing the funds to purchase the machines,
and of tax and depreciation laws. Less obvious costs to the firm may include
costs of changing the rate of production, of changing the number of workers
employed, and of changing the number of hours paid;for per worker, In particu-
lar, a firm may be reluctant to allow large fluctuations in its work force
because of the direct costs involved in laying off and rehiring workers
(e.g., the costs of having a large personnel department, of severance pay,
and of unemployment insurance compensation) and because of the difficulty the
Tirm may have in attracting good workers if it has a reputation of poor job
security., In addition, such things as guaranteed annual wages and other
long-term commitments to some workers may lessen any wage costs that the firm
can save by allowing large fluctuations in its work force.

Since the firm is assumed in this study to minimize costs given
expected paths of sales and prices, one approach that could be taken here in
analyzing the behavior of the firm would be to specify a cost function,
differentiate the cost function with respect to the decision variables,
and then solve for the equations explaining the decision variables. This
is the approach that Holt et al. [12] took in amalyzing production and
employment decisions and the approach that Childs [4] and Belsley [1] took
in amalyzing inventory or production decisions. An alternative approach is
to specify the equations explaining the decision variables directly, taking
into account cost-minimizing considerations but not writing down the actual

form of the cost function,
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Which of the above two approaches is preferable depends on how well
the cost funetion can be specified. If the cost function can be specified
well, then there is no need to use the second, less elegant approach. The
view taken here, however, is that the various costs facing the firm and the
interrelationship of these costs are too complicated for there to be much
chance at the present state of knowledge that a realistic cost function can
be specified, Certainly quadratic cost functions, which have been used by
Holt et al., Childs, and Belsley, appear to be too simple,l especially con-
sidering the likely asymmetry of costs near capacity output, and nonlinear,
nonquadratic cost functions are difficult to work with, An attempt to specify
nonlinear, nonquadratic cost functions may also be based on as much, if not
more, theoretical ad-hockery as is involved in the specification of equations
explaining the decision variables directly., There is certainly a tendency
among economists, as witnessed, for example, in Zvi Griliches' survey article
[11] and Marc Nerlove's Schultz lecture [17], to want to derive behavioral
rules from first principles ;: in most cases cost or profit functions ;; but
it is not clear that economists know enough yet about the underlying cost or
profit functions of the firm for this to be such an all-encanpassing goal.

It will be argued in Section IIT that work of a more pedestrian nature is
needed before attempts are made to deduce the behavior of firms from a single
underlying cost or profit function.

The following, then, is an outline of a model of the behavior of the
firm based on direct specification of the equations explaining the decision
variables. A more detailed description of the individual models of

production, employment, and investment decisions can be found in [6], [7],

lovidence is presented in [ 6] and [7], for example, that rather strongly indi=-
cates that the derived production and employment equations of the Holt et al,
model are not realistic descriptions of firm behavior. More will be said
about this in Section III.



and [8]. The outline here differs from the discussion of the individual
models in that much more attention is paid here to the interrelationships

among the three kinds of decisions.

The Underlying Technology

The underlying technology is assumed to be of a "putty-clay" type,
where at any one time there are assumed to be k different types of machines
that can be purchased., The machines differ in price, in the number of workers
that must be used with each machine per unit of time, and in the amount of oubt=
put that can be produced per machine per unit of time, The worker-machine ratio
is assumed to be fixed for each type of machine. Let lvi denote the amount of
output that can be produced per hour per worker on machines of number i that
were purchased in month v, and let uvi denote the amount of output that can
be produced per hour on one of these machines. Also, let vai denote the
number of machines of number i that were purchased in month v that are actually
operating in month t, let M vi denote the number of workers working in month %

t

on these machines, let Htvi denote the number of hours worked per worker and

machine in month t om these machines, and let thi denote the amount of output
produced in month t on these wachines. The machines will be assumed not to
be subject to physical depreciation, so that Kvi and W,; are not a function

of t. This assumption and the constancy of the worker-machine ratio imply

that

(1) Yevi = Milleyifeor = Moilepifus -
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Let m, denote the age of the oldest machine that is being used in

month t. Then Y£, the total amount of output produced in month t, is

In other words, the total amount of output produced in month t is the sum
of the amount of output produced on each of the machines that are operating
in month t. The parameter k in equation (2) may not be constant through
time since more types of machines may be available for purchase at one time
than at another, but without loss of generality k can be assumed to be inde~
pendent of time., What is implied by this assumption is that as a new type
of machine becomes available for purchase, one of the old types of machines
is phased out. Technical progress is assumed to be reflected in the new
types of machines, i.e., in the A and p coefficients of the new types of
machines.

Equation (1) refers to the actual amount of output produced on a
given type of machine, but it can also be written in terms of capacity output.
Let Ivi denote the total number of machines of number i that were purchased in
month v (regardless of whether they are actually operating in month t or not),
let Mﬁi denote the number of workers that are required to work on the Ivi
machines, and let H ; denote the "capacity" number of hours that can be worked
per worker per month on these machines., Then capacity output per month on
these machines, Yvi’ is

(3) Y1 = MaMhifys = M TsHs
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Ir mé denotes the age of the oldest machine in existence in month t,2
then total capacity output in month %, Yi, is

k

=

T
=1

(k) Y

t
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v

o
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Likewise, the capacity number of workers in month €, Mz, is

Capital-Labor Substitution

Let Wt denote the average wage rate in month t and let Ct denote
the average cost of new capital in month t. The cost of capital will be
different for each type of machine since the cost of capital ig a function of
the price and length of life of the capital good in question in addition to
being a function of the cost of borrowing funds and of tax and depreciation laws.
For purposes here, however, it will be assumed that the prices of the various
types of machines, while differing from each other at any one time, move

together over time. If this is true, then an average cost of capital can be

2For simplicity and without loss of generality, machines of the same age are
assumed to go out of existence all at the same time,
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defined based on the average price of the various types of machines and on
the average length of 1ife of the various types of machines. Since the main
concern in this subsection is with how the cost of capital changes relative
to the wage rate, the use of the concept of an average cost of capital
should not pose any serious difficulties in the present analysis., The

ratio W£/Ct will be referred to as the wage;rental ratio.

If more than one type of machine can be purchased at any given time,
then the wage—fental ratio should have an effect on the types of machines
purchased. A high wage-rental ratio should cause firms to purchase high-
priced machines with low worker-@achine ratios, and a low wage-rental ratio
should cause firms to purchase 1ow~§riced machines with high worker-machine
ratios, This effect of the wage-rental ratio can be considered to be a
direct form of capital-labor substitution.

Salter has pointed out two other ways in which capital-labor
substitution may take place.3 First, the direction that technical progress
takes may be a product of changing factor prices rather than of new knowledge.
To the extent that, say, a rising wage—fental ratio causes technical progress
to be biasged toward labor-éaving techniques (i.e., labor:éugmenting technical
brogress growing faster than capital—éugmenting technical progress), this can
be considered to be a form of capital-labor substitution. Second, capital-
labor substitution may come about by speeding up the rate of replacement
investment, If, for example, technical progress is on average biased toward
labor:saving techniques, then speeding up the rate of replacement investment
will result on average in the purchase of machines with lower worker~ﬁachine

ratios than the machines being replaced.

3salter (18}, pp. 24, 71.
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There are thus three possible ways in which the wage~rental ratio
can affect capital;labor substitution, The ratio can affect the types of
machines purchased, the direction of technical progress, and the rate of
replacement investment. Data on Y- are available for the Cement and Steel

t

industries in the United States, and data on ME can be constructed (at least
approximately) for these two industries. Using these data and data on W%/Ct,
a test of capital-labor substitution can be made based on the above model,
This test and the results for the Cement ;nd Steel industries are described
in [8]. The results in [8] indicate that capital-labor substitution has
definitely taken place in the Cement industry and has probably taken place in

the Steel industry.

The Optimal Production-Smoothing Plan and the Demand for Capacity

In the present model the firm is conceived of asg making two basic
kinds of investment decisions, the first regarding the desired level of
capacity and the second regarding how many machines to replace and what
types of machines tc purchase to meet the desired level of capacity, As
seen above, capital-labor substitution relates to the second kind of decigion:
how many machines to replace and what types of machines to purchase should be
a function of the wage~rental ratio. This choice is one aspect of the
firm's cost-minimizing behavior. The first kind of decision, the demand for
capacity, is assumed to be closely related to production-smoothing decisions,
and so attention must now turn to the explanation of production decisions.

The basic idea behind the model of production decisions is that
because of costs of changing the rate of production, firms are likely to try
to smooth production relative to sales, This idea is common to the studies

of Holt et al., Belsley, and many others. The present model differs from
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previous models in the specification of the way that production is smoothed
relative to sales and in the assumption that costs of capital may affect
production-smoothing decisions. It will be seen that there are two ways in
which the model allows for production to be smoothed relative to sales and
that costs of carrying capacity should affect production-smoothing decisions,
If the sales of a firm fluctuate, the Firm can smooth production
relative to sales by the accumulation and decumulation of inventories.LL How
much production is smoothed relative to sales should depend on such things as
the costs of holding inventories relative to the costs of changing the rate of
production and the costs of carrying capacity. If, for example, production is
not smoothed very much relative to sales, then inventory holding costs are low
but a lot of capacity is needed to meet production requirements during the
peak sales periods, whereas if production is smoothed very much relative to
sales, then inventory holding costs are on average high but less capacity is
needed to meet the peak production requirements. The firm is assumed here to
weigh the costs of holding inventories, the costs of changing the rate of
production, and the costs of carrying capacity and to arrive at an optimal
production-smoothing plan., The desired amount of capacity is then assumed to
be equal to the amount of capacity necessary to meet peak production require-~
ments under the optimal plan, given the expected path of sales. The decision
on the desired amount of capacity is thus assumed to be a consequence of the
production-smoothing decision and so to be a function of the same costs that

influence the production-smoothing decision,

From now on "inventories" will refer only to finished-goods inventories.
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Given that firms do smooth production relative to sales, the task
remains to specify the equation explaining the rate of production that results
from the cost-minimizing behavior of the firm., It will first be convenient
to introduce two concepts of the desired stock of inventories, a long-run
desired stock of inventories, V, and a short-run desired stock of inventories
tﬁat ignores information regarding the previous rate of production, Vi. If sales
were expected to be constant through time, then inventories would really not
be needed at all except for such things as insurance against an unexpected
increase in sales or breakdown in production, and the desired stock of in-
ventories could be taken to be constant through time. V is used to denote
this "long-run" or "average" desired stock of inventories.

Since expected sales do fluctuate in the short run, the short-run
desired stock of inventories is likely to fluctuate also. If sales are ex;
pected to increase over the next few periods, the short-run desired stock of
inventories is likely to be larger than ¥ so that part of the increase in sales
can come from drawing down inventories rather than by increasing production to
the full extent of the increase in sales; and if sales are expected to decrease
over the next few periods, the short-run desired stock of inventories is likely
to be smaller than V so that part of the decrease in sales can come from
building up inventories rather than by decreasing production to the full
extent of the decrease in sales., The difference between the short-run and
lcng-fun desired stock of inventories is thus assumed to be a function of

expected future changes in sales:

n

d = e e -
(6) Vg =V = Z 73 (80as = Sgasn)
im



where S§+i is the amount expected (at the beginning of month t) to be sold

during month t+i, Vg is the short-run desired stock of inventories for the

end of month t (desired at the beginning of month t),
The decision variable to be explained is the amount of output produced

during month %, Yf. Let St denote the level of sales during month t, and let

V£ denote the stock of inventories on hand at the end of month t. By definition,

production equals sales plus the change in the stock of inventories,
Y£ =8

£ + Vt-vt-l’ and so with St exogenous, once Yt is determined, Vt is

automatically determined. The desired amount of output produced, Yz,

corresponding to expected sales,si, and Vi is

(7) Y= s s iy .

If sales expectations were always perfect and the firm always produced Y%

amount of output, then the actual stock of inventories at the end of month t,

Vt’ would always be equal to V%.

realize that its sales forecasts are not always perfect, and since there are

In practice, however, the firm is likely to

costs of changing the rate of production, the firm may decide to smocth
production even more than is implied by producing Yi each period. Remember
that Yi is based on Vg, which ignores information regarding the previous rate
of production. Consequently, a simple lagged adjustment process for planned
production is postulated:

(8) Yoy = x(yi-

t t-1 t-l) ?

where Yg denotes the amount planned to be produced for month t, the plans being

made at the beginning of month t. Equations (6), (7), and (8) then imply that
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p_ 1T e _ Y e &

(9) Tgrlpay =M R AL - MY G-V, o ¥ ZZJ M (Sgas-Spasay)
i5

which is the basic equation explaining production decisions.5

There are thus two ways in which production is smoothed in the present
model., One way is through the response of desired production to expected future
sales changes, and the other way is through the lagged adjustment equation for
planned production. Equation (9) was estimated using monthly data for four
three-digit manufacturing industries in [7] under two basic expectational
hypotheses and under the assumption that planned production equals actual
production. The results strongly indicate that future sales expectations are
important in determining short:run production decisions, This is contrary to
the results of Belsley [1], who could find no evidence that future sales
expectations are important, Belsley's negative results in this regard were
attributed in [7] to the use of questionable data. The specification of
equation (9) implies that the coefficient of Si should be equal in absolute

value to the coefficient of Y

£-1’ and the hypothesis that this is so was

5Implicit in the above model is also an equation explaining planned inventory
investment:

D_ - d~ _ _a8
VeV = MUV o) + (10 (v, 5 -8)) ,

where the planned stock of inventories, Vp, equals Yo-8° + V, .. This
g2 ©4 I |

equation is not of direct concern here, however, since inventory investment is
assumed to be a consequence of production decigions rather than production
being a consequence of inventory decisions.

6The specification also implies that the coefficient of Vt—l should be the

same as the coefficient of Yf-l’ but as pointed out in [7], footnote 6, one

cannot expect to test this hypothesis from the available data.
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tested in [7] and accepted for three of the four industries, This fact and
the fact that the inventory variable, Vf-l’ was more significant when
equation (9) was estimated than when Belsley's equation was estimated led
to the conclusion in [7] that the present model is an improvement over
Belsley's model. The Holt et al, production equation was also estimated
in [7] and found not to be realistic.

It has been pointed out that desired capacity should be equal to
the amount of capacity necessary to meet peak production requirements under
the optimal production-smoothing plan, given the expected path of sales,
but so far no equation explaining desired capacity has been specified. One
possible approach in this regard would be to estimate equation (9), use the
estimated equation to solve for the time path of planned production (given
initial conditions and a time path of expected sales), and use the peaks of
the planned production series as values of desired capacity., For the work
in [8], however, a cruder approach was followed: desired capacity was assumed
to be proportional to the level of expected peak sales, This assumption does
not appear to be unreasonable gsince the larger is the level of expected peak
sales, the more capacity will be needed to meet peak production requirements
under the optimal plan. Assume that the decision period regarding capacity
decisions is a year, and let Y: denote capacity output at the end of year T,
Y:* desired capacity output for the end of year 1, and SP: the expected level
of sales of some peak period of year t. Then it was assumed in [8] that

c¥* e
(10) Y. =0sP s
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and that Yg'was subject to a simple lagged adjustment process:

c c - _ c* o
(11) Tr = Yo =8(¥p -1 )
- e _ C
5(asP Y'r-l) .

Equation (11) was estimated in [8] for the Cement and Steel industries under
various assumptions about SPg; and it definitely appeared to be the case that
expected peak sales were what determined desired capacity and not, for
example, expected sales of the whole year. The results in {8] were thus
consistent with the above hypothesis about desired capacity decisions,

Tt should be noted that if actual capacity is adjusted toward desired
capacity with a lag, as in equation (11), then the production-smoothing plan
will have to take this into account. It should not be the case that planned
peak production for the year is greater than planned capacity. In the above
model, desired capacity is meant to refer to that amount of capacity desired
assuming no costs of adjustment in changing capacity, and if there are costs
of changing capacity, then the firm will have to take this into account when
formulating its production and investment plans. Therefore, the firm ig
likely to weigh both the costs involved in changing the rate of production
and the costs involved in changing capacity and jointly decide on tie

production-smoothing plan for the year and on the investment plan.

Employment Decisions

The capacity number of workers, Mz, is a function of capacity output
and of the types of machines that are on hand. This can be seen from

equations (3), (4), and (5). Since the wage-rental ratio affects the types
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of machines that are purchased, the wage-rental ratio affects M%.

of concern in this section, however, is what determines the actual number of

What is

workers employed, M i and the average number of hours paid for per worker,
HP,. From equations (1) and (2), the number of man hours required to

produce output Y t? Sey Mth, is

t k ¥
_ tvi
(12) Mth = Z Z N .
v=tam, i=l vi

If it is assumed that there are no completely idle workers, then the total
number of workers employed is equal to the number of workers working on the

operating machines:

t
am)  w o= )
L

v

tvi

F‘ﬂw

m i l

Therefore, the average number of hours worked per worker is
(14) H, = it .

The number of hours paid-for per worker can never be less than the
number of hours worked per worker, and a key assumption of the present model
is that the number of hours paid-for per worker is usually greater than the
number of hours actually worked per worker except during peak output periods,
If this is true, then it means that in practice the true labor inputs are

not observed since the data available on hours worked per worker are actually
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data on hours paid-for per worker. As discussed in [6], this assumption
about hours paid-for per worker provides an explanation of the commonly
observed phenomenon of inecreasing returns to labor services in the short run,
and it also implies that the properties of the short-fun production function
cannot be estimated from the available data.

The present model of employment decisions relies heavily on the idea
that there are costs involved in changing the size of the work force in the
short run. Some of these costs were mentioned at the begimning of this section
and others are discussed in [6], p. 39. It was argued in [6] that there are
even likely to be costs involved in changing the number of hours paid-for per
worker as well as costs involved in changing the number of workers employed.
Again, a firm may have difficulty in attracting good workers if it has a
reputation of allowing large fluctuations in the work week.

The standard number of hours of work per worker, denoted as HSt, is
assumed to be the number of hours the firm would like workers to work and be
paid for if there were no problems of fluctuating man-hour requirements,

HSt is the dividing line between straight-fime hours and more costly overtime

7

hours. Given HSt, the desired number of workers employed, say Md,

corresponding to man-hour requirements M, H, is

tt
M.H
a
t

7In some firms a certain amount of overtime work has become standard practice,

and for these firms HSt should be considered to be the standard number of hours

of work per worker plus this standard or "accepted" number of overtime hours
of work per worker.
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Mi is the desired number of workers employed in the sense that if man-hour

requirements were to remain at the level N%H%, Mi can be considered to be

the number of workers the firm would want to employ in the long run. The

concept of excess labor plays an important role in the present model, The

amount of (positive or negative) excess labor on hand during month t is defined

to be the (logarithmic) difference between the actual number of workers em-

ployed and the desired number: log Mf;log MQ. From equations (14) and (15)

it can be seen that this measure is also equal to the (logarithmic) difference

between the standard number of hours of work per worker and the actual number

of hours worked per worker: log HSt;log Ht'
The two basic factors that are assumed to affect the firm's decision

on how many workers to hire or lay off are the time stream of expected future

output and the amount of excess labor on hand. If, for example, output is

expected to increase over the next few months, the firm may be reluctant to lay

off workers it does not actually need at present, and it may begin to build up

its work force in anticipation of higher future man-ﬁour requirements., Conversely

if output is expected to decrease over the next few months, the firm may be

less reluctant to lay off workers, and it certainly has no need to build up

its work force any further, With respect to excess labor on hand, one would

expect that the larger the amount of positive excess labor on hand at the

beginning of the month, the larger would be the number of workers who would

be laid off during the month. Holding positive amounts of excess labor is

costly, and the firm can be considered to be continually trying to eliminate

this excess labor in the light of adjustment costs and expected future man-

hour requirements. Conversely, if there is negative excess labor on hand

(too few workers employed), the firm can be considered to be continually

trying to add workers to achieve a zero amount of excess labor.
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The following was taken in [6] to be the basic equation explaining

the short-run demand for workers:

. m
(16) log M, ~log My = Oi(log M, _,-log Mt-l) + 2{: Bi(log Y, _;~log Yt-i-l)
i=1
_ n
+ y (log Yo-log Y, .) + v, (log Y%, . ~log Y°,. .)
o t -1 iVO8 Loy t+ie1/ ?
i=1

where Y:+i is expected (or planhed) output for month t+i, the expectations

being made at the ﬁeginning of month t. The past output changes were added

to the equation on the argument that they may help depict the reaction of the

firm to the amount of excess labor on hand, but the variables were never really

very important in explaining log Mt;log Mtul'
An equation explaining the short-run demand for hours paid-for per

worker was also developed in [6]. If there are costs involved in changing the

number of hours paid-for per worker, then it seems likely that the same

factors that influence the short-?un demand for workers will also influence

the short-run demand for hours paid;fOr per worker, and this is the basic

premise upon which the equation explaining the short;runvdemand for hours paid-

for per worker in {6] was based. There is, however, one main difference

between hours paid—for per worker and workers., Unlike the number of workers

employed, which can move steadily upward or downward over time, the number of

hours paid-for per worker fluctuate around a relatively constant level of

hours, If the number of hours paid-for per worker is not equal to this

level, this should, other things being equal, bring forces into play causing

it to decline back to this level. Therefore, the (logarithmic) difference



between the number of hours paid;for per worker and the standard number of
hours of work per worker, log HPt-l;iOQ HSt;i, wag included in the eguation
explaining the demand for hours paid-for per worker. The basic equation
explaining the demand for hours paid-for per worker was thus taken to be

(17) logHP, ~LogHP, = o (Logh, logHS, )

L .d
-loth_l) + o%(logHP -

-1 tel"

: e
+ B!(lOth-i-lOth-i~1) + 7é(loth-loth_l)

i "10gYe - ) .

Before equations (16) and (17) could be estimated in [6], a measure
of Mg had to be found. HSt was assumed to be a smoothly trending variable,
so that from equation (13) measuring M% only required measuring Mth, and
this was done as follows, The available data on output per paid-for man
hour, Y{/@%HPt, was plotted over time, and at the peaks of the series it was
assumed that hours paid-for per worker equaled hours worked per worker, so
that one had observations on output per man hour, Y%/Mth, at the peaks.
Now, it can be seen from equations (1), (2), and (5) that the ratio
Y, /MH, is a function of the types of machines in use. If new types of
machines with new Kvi coefficientsnfeplace older types of machines, then the
ratio will change, and if with an existing stock of machines the percentage
of time that each machine is operated changes, then the ratio will also

change. The assumption was made in [6] that the ratio changed linearly between
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beaks, and from this assumption and the available data on Yt’ a series on Mth
could be constructed for each period,

This procedure of measuring MtHf and thus of measuring the amount of
excess labor on hand allows the model to handle the effects of technical
progress (as reflected in the new types of machines) on employment demand.

If Yf/MtHi is increasing through time, then, other things being equal, M H,
and so Mg will be falling., The amount of excess labor on hand will thus be
increasing., The effects of the growth of technology on employment decisions
are thus taken care of by the reaction of firms to the amount of excess labor
on hand. If during low output periods firms tend to curtail the use of the
less efficient machines more than the use of the more efficient ones, then

the assumption that Yt/'MtHt moves linearly between peaks will not be realistic,
but the possibility that Yt/Mth moves nonlinearly between peaks was noth

explored in [6]. With only date on Y., M, and HP, available, it is not clear

t
that one could discriminate very easily among different nonlinearity assumptions.

Equations (16) and (17) were estimated in [6] under two basic expecta~
tional hypotheses for seventeen three;Aigit manufacturing industries, and the
results strongly indicated that both expected future output changes and the
amount of excess labor on hand are significant factors in the explanation of
log Mtnlog Mf-l t;l'
with testing various hypotheses relating to equations (16) and (17) and of

and log HPt-log He Much of the work in [6] was concerned
combining the two equations to derive an equation explaining the demand for
total man hours paid for, but this aspect of the work in [6] will not be
discussed here. The Holt et al. employment equation was tested in [6]

and found not to be realistic.



22,

The Relationship Between Production and Employment Decisions

In the above model, decigions regarding the current rate of
production are assumed not to be influenced by the number of workers on hand
noi by the level of hours paidnfor per worker, This does not imply, however,
that labor costs have no influence on production decisions. Assume, to take
an extreme case, that it were not possible during the course of, say, a year
for the firm to vary either the number of workers employed, M, or the number
of hours paid-for per worker, HP, Then M.HP would have to be chosen at the
beginning of the year to be equal to the peak man;hour requirements of the
year. If man-hour requirements fluctuated a lot during the year, then the
firm would end up paying for a lot of nonproductive time. Costs of labor in
this case are like costs of carrying capacity. Unless inventory costs were
very high, the firm would probably decide in this case to smooth production
a lot relative to sales, In general, of course, man hours paid for can
fluctuate, but at a cost, and this cost should have a significant influence
on the production;smoothing plan of the firm., Indeed, the major factor
determining the production-smoothing plan may be how costly it is for the
firm to vary the number of man hours paid for.

The costs of changing wan~hours paid for should thus affect both
production and employment decisions. These and other costs cause production
to be smoothed relative to sales and employment to be smoothed relative to
production., The employment plan is constrained by the restriction that man
hours paid for must be at least as great as man hours worked, and what
appears to be the case, from the evidence in [6], is that the employment-
smoothing policies of firms result in man hours paid for being equal to man

hours worked only during peak production periods. Most of the time, then,
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the firm could produce more output if it wanted to with the same number of
man hours paid for, but producing more output would lead to higher inventory
costs and cause production to deviate from the optimal plan. Since production
is not constrained except during peak periods by man hours paid for, there is
thus no reason why the current rate of production should be influenced by the
number of workers on hand or by the level of hours paid for per worker,

During peak production periods, the firm is operating on its

production function so to speak, and it may be the case that the behavior of

log M%—log Mf—l and log HPt' log HP is different from that implied by

t-1
equations (16) and (17) during peak production periods. The hypothesis that

£ -1 £ log HPt-l is different from that

implied by equations (16) and (17) during peak production periods was tested

the behavior of log M, -log Mt and log HP
in {6], but no evidence that the hypothesis is true could be found. An equation
like (16) was also estimated in [6] using expected future sales in place of
expected future production. The results using sales data were much poorer than
the results using production data, This is, of course, as expected since if

the above model is true, employment is smoothed only indirectly relative to

sales but directly relative to production.

The Effects of the Wage Rate and the Cost of Capital on the Behavior of the Firm

There are a number of ways in which the wage rate and the cost of
capital can affect the various decisions of the firm, First, the wage-rental
ratio can affect the types of machines purchased, the direction of technical
progress, and the rate of replacement investment. These are the direct effects
of capital-labor substitution., Second, the cost of capital can affect the
production~-smoothing plan of the firm, The higher are the costs of carrying

capacity, other things being equal, the more should production be smoothed
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relative to sales. If the cost of capital affects the production-smoothing
plan, then this means that it also affects the desired amount of capacity.
Note that this effect of the cost of capital on desired capacity has nothing
to do with capital-labor substitution. Third, the adjustment parameter & in
equation (11) determining the actual change in capacity may be a function of
the deviation of the cost of capital from some expected long run value. If,
for example, the cost of capital is particularly high one year and the firm
expects that it will be lower next year, then the firm may postpone some of
its planned expenditures until the following year, Similarly, the firm may
speed up its plamned expenditures if the cost of capital is particularly low
one year and is expected to be higher next year., This effect of the cost of
capital on capacity investment is purely a matter of timing and also has
nothing to do with capital-iabor substitution. Fourth, the wage rate may
affect the demand for workers and for hours paid for per worker other than
through the effect of the wage;rental ratio on man-hour requirements and thus
on excess labor, Holding positive amounts of excess labor is costly, and if
the wage rate is rising relative to other cogts, the firm may be induced to
hold on average less excess labor and to allow larger fluctuations in man
hours paid for. The possible effect of the wage rate in equations (16) and
(17) was not tested in [6] because of lack of adequate data on wage rates.
Note that this possible effect of the wage rate on employment demand also
has nothing to do with capital~iabor substitution,

It should also be noted that the size of the coefficients in the
production;smoothing equation (9) depend on the costs of the firm, If capital
costs, inventory costs, costs of changing the rate of production, costs of

changing capacity, and costs of changing man hours paid for change over time,
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this will cause the optimal production;smoothing plan to change and thus will
cause the coefficients in equation(9) to change. If data on these various
costs were available, one could try to incorporate the costs into the speci~
fication of equation (9) directly, but as it stands lack of data prevents
much from being done along these lines, The specification of equation (9)
should be adequate if the various costs are not changing very much relative
to each other; otherwise the best that can be hoped for is that the estimated
equation picks up the average behavior of the firm over the sample period.
Likewise, if the costs of changing man hours paid for change over time,

this will cause the coefficients in equations (16) and (17) to change.

III. CRITIQUE OF PREVIOUS STUDIES AND SUGGESTIONS FOR FUTURE RESEARCH

Critique of Previous Studies

The discussion in this section is based on the premise that the above
model is a fairly accurate representation of the way firms actually behave
with respect to production, employment, and investment decisions. If this
Premise is true, then the approaches of a number of studies can be criticized
for leading to unrealistic conclusions about the behavior of firms.

Consider first the quadratic cost;minimizing approach of Holt et al,
[12], childs [4], and Belsley [1]. Because the firm is subject to various
capacity restrictions, it does not seem likely in many cases that guadratic
costs will be an adequate approximation to the actual costs of the firm.

The firm cannot behave in a symmetric way around capacity output. It is easy
to produce below capacity but much more difficult (in fact impossible if
capacity output is defined rigorously to mean maximum possible output) to

produce above capacity. Since only during peak production periods does it
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appear that the firm is utilizing all of its capacity and not paying for more
hours than are required to produce the output, it does not seen likely that the
actual costs that the firm is minimizing are anywhere close to being quadratic,
It was argued in {6], p. 115, for example, that the Holt et al. quadratic
approximation to overtime costs is likely to be very poor., The approximation
is not good if production falls to a low level relative to the work force, and
it definitely appears to be the case that production does fall to a low level
relative to the work force during much of the year, This poor approximation
may be one of the main reasons why the Holt et al., employment and production
equations gave such poor results when estimated in [6] and [7]. In some
situations, of course, quadratic costs may be a good approximation to actual
costs, but in general the above model and results indicate that the quadratic
cost-minimizing approach is not likely to be a useful one in analyzing the
production, employment, and investment behavior of the firm.

Consider next the approach of Nadiri and Rosen [16]. Nadiri and Rosen
assume that in the long run the firm minimizes costs subject to a Cobb-bouglas
production-function constraint. The cost function is the sum of wage costs
(the wage rate times total man hours paid for), other labor costs (the "user
cost of labor" times the number of workers employed), and capital costs (the
user cost of capital times the stock of capital), The Cobb~Douglas production
function relates output to four inputs: the number of workers employed,
the number of hours paid~for per worker,8 the stock of capital, and the rate

of utilization of capital. Nadiri and Rosen differentiate the cost function

8Nadiri and Rosen do not distinguish between hours paid-for and hours worked
and implicitly assume that the two are equal., The hours variable that they
use in their empirical work is an hours paid for variable,
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with respect to the four input variables subject to the production-function
constraint and obtain "optimum long run demand functions".9 The optimum
number of workers employed and the optimum stock of capital are functions

of the level of output and of relative factor prices, Nadiri and Rosen

then postulate that the firm adjusts the actual input levels toward the
optimum levels by means of the Lucas stock-adjustment model, In the Lucas
model [15] the rate of adjustment of one factor is allowed to be a function of
the level of another factor. In the final equations estimated each input is

a function of the current level of output, of the wage-rental ratio, of a time
trend, and of the four lagged inputs.

If the model in Section II is a fairly accurate representation of the
way firms behave, then the Nadiri and Rosen model does not appear to be realistic,
First, sales are exogenous to the firm, not production, and the firm is likely
to try to smooth production relative to sales. Second, there appears to be no
reason why the demand for capital should be a function of the number of workers
on hand and the number of hours paid for per worker, as Nadiri and Rosen's
model implies. The demand for capacity is a function of the same factors that
influence the production-émoothing plan, and the rate of replacement invest-
ment and the types of machines purchased to meet capacity requirements are
functions of the wage;rental ratio, Tt seems very unlikely that either the
number of workers employed or the number of hours paid for per worker would
influence investment decisions. Indeed, it was argued in Section II that the
number of workers employed and the number of hours paid for per worker are

not even likely to influence production decisions., Third, the Nadiri and

ONadiri and Rosen [16], p. Lé0.
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Rosen model ignores most of the dynamics of employment decisions., The model
does not capture in an adequate way the fact that employment is smoothed
relative to production in the short run, Finmally, as mentioned above, the
Nadiri and Rosen model implies that firms never pay for more hours than are
actually worked (or in the terminology of Nadiri and Rosen that "firms are on
their production functions at every moment of time" with respect to the
observed inputslo). The evidence in [6] strongly indicates that this
assumption is just wrong., Firms appear to spend much of the time off of their
production functions with respect to the observed inputs.

It is also of interest to note the difference in the way the present
model handles the effects of the wage-rental ratio and the changing composition
of the capital stock on the demand for workers from the way that Nadiri and
Rosen's model handles the effects. In the Nadiri and Rosen model the wage=
rental ratio and the stock of capital enter directly in the equation explain-
ing the number of workers employed. In the present model the desired number
of workers employed, M%, is a function of man~hour requirements, Mth, which
from equation (12) is a function of the amount of output produced and of the
types of machines on hand. If new types of machines are added or if new
types of machines replace o0ld types of machines -~ the choice of the types
of machines being a function of the wage-?ental ratio ;— then man-hour
requirements per unit of output, Yt/Mth’ will change, which will in turn
change the amount of excess labor on hand. The changing composition of the
capital stock thus affects the demand for workers through its effect on
excess labor,

Nadiri and Rosen point out that most existing models of employment and
investment demand are special cases of their model. This is true, for example,

of the neoclassical investment models of Jorgenson [13], Bischoff [2], and
10

Nadiri and Rosen [16], p. L61.
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The common practice of using quarterly, seasonally adjusted,

aggregate data may be one of the reasons why most models do not appear to

be realistic descriptions of the behavior of the firm. Most of the conclu-
sions reached in this study about the behavior of the firm were obtained by
examining monthly, seasonally unadjusted data at the three~digit industry
level. Much of the dynamics of the behavior of the firm is not likely to

show up in quarterly, seasonally adjusted data; and aggregating across a large
number of industries may also tend to obscure the behavior of the firm, The
present model, for example, relies heavily on the distinction between peak and
nonpeak periods, and in practice it is much more difficult to distinguish
between these two periods using seagonally adjusted quarterly data than it is

using seasonally unadjusted monthly data.13

Suggestions for Future Research

There has recently been a growing interest in trying to deduce the
lag behavior of the firm from first principles, i,e., from the minimization
or maximization of a cost or profit f‘unc1::’.0::1.l)'P Deducing the behavior of the
firm in this way Nerlove argues avoids the ad hoc nature that characterizes the
specification of most distributed lags.l5 As mentioned above, it is the view
of this paper that the approach of trying to deduce the behavior of the firm
from a single underlying cost or profit function is at present not likely to

be a very fruitful one., Much more information about the various cost parameters

l3See [6] and [7] for further discussion of the advantages of using
seasonally unadjusted data.

lL}See Nerlove {17] for a discussion of recent work in this area.

Dferiove (171, p. 6.
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of the firm is needed before this approach is likely to result in realistic
implications about the behavior of the firm. The following are a few
suggestions for future research where it is felt that progress can be made
in understanding the behavior of the firm,

First, more work is needed in trying to determine what the underlying
technology facing the firm is like., How much choice, for example, does a
firm actually have when purchasing new machines (in other words, how large
is k in the above model), and how rapidly does technical progress render
old machines completely obsolete? Work is also needed in trying to determine
the relative importance of the three ways in which capital~labor substitution
can take place. Salter's study [18] is an important contribution in this area,
and more work should proceed along these lines.

Second, work is needed in trying to determine what the primary costs
of the firm are. It was argued in Section II, for example, that costs of
changing man hours paid for may be the most important costs influencing
production~smoothing and employment~§moothing decisions, and attempts should
be made to see if this isin fact the case. By examining the importance of the
various costs facing the firm, one should be able to improve upon +the specifi-
cation of the equations explaining the decision variables of the firm. The
coefficients of the production;smoothing equation (9), for example, are a
function of inventory costs, capacity costs, costs of changing the rate of
production, and costs of changing capacity, and a better understanding of these
costs should lead to an improved specification both of equation (9) and of
equation (11) explaining the change in capacity. The specification of the
employment equations (16) and (17) should also be able to be improved by a

more detailed knowledge of the cost structure of the firm,
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Third, the present study has ignored the distinction between
production~to-stock decisions and production—to-érder decisions and has
essentially concentrated only on production—to;étock decisions, These two
kinds of decisions are not the same, as Childs [4] and Belsley [1] have
emphasized, and it would be useful to add production-to-order decisions to the
above theoretical framework, It might also be useful to consider the case in
which more than one type of imput is produced by the firm and the case in
which there is more than one kind of lebor.16 This study has also assumed
that output prices are exogenous, and it might be useful to drop this assump-
tion and concentrate on'profit;@aximizing behavior rather than on cost-
minimizing behavior. Questions of uncertainty have only been implicitly
considered in this study —; uncertainty enters essentially through the
expectation variables -~ and perhaps a more explicit consideration of uncer-
tainty in the above framework should be undertaken, Certainly more work
needs to be done on trying to determine how expectations are formed.

Fourth, attempts should be made to see if the wage rate is a
significant explanatory variable in an equation like (16). It was argued
above that the wage rate may have a significant effect in equation (16) even
though this has nothing to do with capital-iabor substitution, Attempts
should also possibly be made to see if better measures of excess labor can
be found. It may be, for example, that the use of linear peak to peak
interpolations in the measurement of excess labor can be improved upon by

the use of nonlinear interpolations.

16The evidence in [6], for example, indicates that the number of non-
production workers employed is subject to less short-run variation than is
the number of production workers employed,
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Fifth, studies of investment decision should be aware of the
different ways in which the cost of capital can affect investment
expenditures and should attempt, whenever possible, to separate the effects
of capital-labor substitution from other effects. Such a separation was
attempted in [8 ]for the Cement and Steel industries. Also, the present
model indicates that more attention should probably be given to the
difference between replacement investment and investment in new capacity.
Feldstein and Foot [10] have made an initial attempt in this direction., The
above analysis indicates that replacement investment should be a function of
the wage-rental ratio, and it would be of interest to see how important this
effect is.

Most of the above suggestions require work with disaggregate data,
and indeed one of the main points of the paper is that the use of seasonally
adjusted quarterly data has tended to obscure much of the behavior of the firm,
This does not necessarily imply, however, that the present model has no rele-
vance for macro-economic models. The employment sector in the forecasting
model in [9], for example, is based on the above model of employment decisions,
and the results have been quite good. A measure of the aggregate amount of
excess labor in the economy has been found to be significant in explaining
the change in aggregate employment. Similarly, some of the ideas of the
present model may be useful in the specification of aggregate inventory and
investment equations. One might, for example, attempt to estimate the
inventory equation in footnote 5 using aggregate data. In most macro models,
the desired stock of inventories, Vg, is assumed to be a function only of the
current level of sales, and what equation (6) and the related discussion

suggest is that this specification is likely to be too simple, Consequently,
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some improvement in the specification of aggregate inventory equations might
result from using some of the above ideas. Aggregate investment equations
might also be improved by trying to distinguish among the various ways that
the cost of capital can affect investment expenditures., This would probably
require the use of employment and wage rate data as well as cost of capital
data. Along these same lines, it might be fruitful to attempt to derive a
measure of aggregate capacity and then separate the data on aggregate invest-
ment expenditures into data on capacity expenditures and data on replacement
expenditures,

The type of work suggested here is for the most part work of a
rather pedestrian nature and is to many people less exciting and less
elegant than, say, deducing the behavior of the firm from a few basgic
postulates. It is the view here, however, that much work of this type is
needed before one can hope to specify a realistic cost function and deduce
the behavior of the firm from the minimization of this function, Perhaps it

is appropriate to close with a quote from Francis Bacon made in 1605:

For the wit and mind of man, if it work upon matter,
which is the contemplation of the creatures of God, worketh
according to the stuff and is limited thereby; but if it
work upon itself, as the spider worketh his web, then it is
endless, and brings forth indeed cobwebs of learning,
admirable for the fineness of thread and work, but of no
substance or profit.,
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